The application of immunohistochemistry to routinely decalcified, celloidin-embedded human temporal bone sections has been hampered because of antigen loss during processing of the specimens. To our knowledge, there has been no published report to date describing immunohistochemical staining of such tissues suitable for examination by light microscopy. Here we report a novel antigen retrieval technique which can be successfully used to stain a variety of antigens in routinely formalin-fied, trichloroacetic acid-decalcified, celloidin-embedded human temporal bone sections. The new procedure reported here for decalcified human temporal bone tissues simply requires immersing slides for 30 min at room temperature in an antigen retrieval solution. A total of 60 decalcified, celloidin-embedded human temporal bone tissues were tested with monoclonal antibodies (MAb) to 15 different antigens. Of these, 12 MAb showed defiite positive staining, while three were negative. This technique may prove very useful in studying the expression of various antigens by immunohistochemistry in formalin-fiied, aciddecalcified, celloidin-embedded tissues. (J Hisrochem  Cytochem 40:787-792, 1992) 
Introduction
Immunohistochemical methods found little use in surgical pathology until techniques were developed that allowed application to routinely formalin-fixed, paraffin-embedded sections (1, 2) . Today, calcified tissues, such as human temporal bone, continue to present a problem (3, 4) . Although many studies have been performed using immunohistochemical staining of human temporal bone (5-ll) , a majority of these reports have focused on modified fixation, decalcification, and embedding materials (7) (8) (9) (10) (11) . To date, there have been no reports, to our knowledge, on immunohistochemical staining for routinely processed, celloidin-embedded temporal bone sections at the light microscopic level.
There are collections amounting to 8000 and 13,000 human temporal bones in Europe and the United States, respectively (4, 12) , providing a valuable research source for the purpose of understanding the etiology and pathogenesis of diseases of the human ear. Yet, in the absence of an effective approach to immunostaining of celloidin-embedded tissues, much of this material has remained inaccessible to immunohistological studies. Portmann et al. (13) * Correspondence to: Dr. Shan-Rong Shi, BioGenex Laboratories, 4600
Norris Canyon Road, #200, San Ramon, CA 94583. developed a technique to re-embed celloidin sections of human temporal bones for transmission electron microscopy, an approach that Wackym et al. (14) modified for immunoelectron microscopy using a protein A-colloidal gold method and a single antibody (Type I collagen). However, these studies have been limited, and there is an urgent need to develop an immunohistochemical staining technique that can be used for routinely processed, celloidin-embedded human temporal bone sections.
Development of a technique for immunohistochemical staining of routine paraffin sections can involve one or more of several approaches to improving the reactivity of epitopes that have been masked by formalin fixation. In addition to developing antibodies that can recognize formalin-resistant epitopes, other approaches include (a) choosing a better fixative and duration of fixation that will provide maximal preservation of tissue morphology with minimal loss of antigenicity, and (b) protease digestion of formalinfixed sections to "unmask" antigenic sites hidden by cross-linked protein. Recently, we reported a new antigen retrieval technique based on microwave heating of slides before immunohistochemical staining (15) . This new technique demonstrates that cross-linking of protein caused by formalin fixation may be a reversible chemical reaction under certain conditions, serving to unmask antigenicity after formalin fixation. However, the previously described antigen retrieval method was not effective on celloidin-embedded sections, necessitating further modifications of the antigen retrieval approach. The present report describes a method of retrieving immunoreactivity and thus enabling immunohistochemical staining of celloidin-embedded temporal bone sections.
Materials and Methods
A total of 60 celloidin-embedded human temporal bone sections were obtained from the Eastern National Temporal Bone Bank at Massachusetts Eye and Ear Infirmary ( Table 1 ). Most sections were processed routinely by either Heidenhain-Susa or 10% formalin fixation and were decalcified by 5% trichloroacetic acid as described previously (16). Only one case was processed by a modified method using 10% neutral buffered formalin fixative and EMCA decalcification.
The monoclonal antibodies (MAb) used are listed in Table 2 . All antibodies were obtained from BioGenex Laboratories (San Ramon, CA). Most slides were stained with Super Sensitive biotin-streptavidin kits (SSBSA) from BioGenex. For comparative purposes, a small number of slides were stained by ABC kits purchased from Vector Laboratories (Burlingame, CA).
Prepatation of Antigen Retrieval
Solution. Methanol saturated with sodium hydroxide (NaOH) was prepared by adding 50-100 g of NaOH to 50 ml methanol in a brown-colored bottle and mixing vigorously. This was stored at room temperature and allowed to settle for 1-2 weeks. Then the clear, saturated solution was carefully collected and diluted 1:3 with methanol. The strong alkaline solution is the key point of this antigen retrieval method. The concentration should be monitored to a point that may produce the best immunostaining result and retain the section on the slide. Overtreated sections may be detached and/or destroyed. Using ethanol saturated with sodium hydroxide, we could also obtain positiye immunostaining results, but at a lower intensity than using methanol-NaOH solution.
Immunohistochemical Staining. The celloidin-embedded temporal bone sections were washed in distilled water for 10 min, and mounted on 0.1% poly-Llysine (Sigma; St Louis, MO)-coated slides. The slides were then immersed in an antigen retrieval solution for 30 min. Slides were rinsed for 15 min in two changes of 100%. 70Y0 methanol and two changes of PBS, followed by treatment with 0.3% Triton X-100 for 10 min. and a further rinse in PBS. A three-step immunostaining technique, using either the SSBSA or the ABC method, was carried out as previously described (15.17) . with elongated incubation times for primary antibody, link, and label because the celloidin sections were thicker than usual paraffin sections. Briefly, slides were incubated with primary antibody overnight at room temperature, followed by a 40-60-min incubation with the linking or bridge antibody (BioGenex Super Sensitive biotinylated anti-mouse immunoglobulin or Vector biotinylated anti-mouse immunoglobulin). After a wash in PBS, the labeled moiety (BioGenex Super Sensitive alkaline phosphataseconjugated streptavidin or peroxidase-conjugated streptavidin and Vector ABC) was added for 40-60 min. Slides were washed between incubations in three changes of PBS for 15 min. Either Fast Red or DAB (3,3'diaminobenzidine, 0.05%) was used as the chromogen. The intensity of the immunostaining reaction was adjusted by light microscopy.
The primary antibody was replaced with either nonspecific mouse ascites or PBS for negative control slides.
Results
The immunoreactivity of 15 MAb used on routinely processed, celloidin-embedded sections is summarized in Table 2 . The staining results showed strong positive staining for seven MAb, moderate positive staining for four MAb, and weak positive staining for one MAb. Three MAb showed negative results. There was no significant difference in immunoreactivity between sections from different blocks, regardless of fixative. All negative control slides (PBS or nonspecific mouse ascites) showed negative staining. The immunoreactivity of MAb to keratin (AE1 and NCL-5D3), vimentin, neurofilament (NF), muscle-specific actin, S-100 protein, neuron-specific enolase (NSE), glial fibrillary acidic protein (GFAP), and others showed definite positive results. Keratin immunoreactivity was so distinctive that epithelial cells were clearly demonstrated ( Figure 1 ). The immunoreactivity of NSE showed all neurons of both spiral and Scarpa's ganglions, as well as some neurofilaments of both the VI11 nerve and the facial nerve ( Figure  2A) . The terminal branches of the auditory nerve in the organ of Corti were also demonstrated clearly by NSE (Figure 2B ). Although all outer hair cells were devoid of NSE, the inner hair cells were labeled positively by NSE, as shown in Figure 2B . Interestingly, a distinctive distribution of the cochlear nerve in the organ of Corti could be demonstrated by NF, particularly the outer spiral fiber and outer radian fiber localized clearly by NF, and skeletal muscles 
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(stapedius and tensor tympani muscles) were labeled strongly by desmin ( Figures 2C and 2D) . The skin and appendages of dermis in the external auditory canal also stained positively with the appropriate antibodies, such as keratin and actin ( Figure 2F ). Vimentin was localized in some supporting cells of the organ of Corti and in mesenchymal cells of whole temporal bone ( Figure 2H ).
Discussion
The reliability of the modified antigen retrieval approach is evidenced by (a) the successful localization of intermediate filament The immunohistochemical staining results obtained by application of this antigen retrieval method to routinely processed human temporal bone sections are excellent, as evidenced by the fact that 12 of 15 tested antibodies showed defiite positive immunoreac-tivity. The quality of the results was best exemplified by strong immunostaining for keratin and actin in the ceruminous glands of the external auditory canal (Figure 2F ), even after exposure to formalin and acid for long periods of time.
The original antigen retrieval technique, utilizing microwave heating for immunohistochemical staining of formalin-fixed, paraffin-embedded sections (15) . and the modified method, employing chemical treatment of celloidin-embedded sections, are both based on the Mannich reaction and other reactions (26,27). As Fraenkel-Conrat et al. (26,27) demonstrated in the 1940s, the crosslinking of protein produced by formaldehyde fixation can be reversed by high temperature (120°C) or by strong alkaline hydrolysis. Although details of the formalin-fixation process remain obscure, the antigen retrieval technique may shed light on our understanding of formaldehyde cross-linkages and the nature of cross-linked proteins. Mason and O'Leary (28) demonstrated that the process of cross-linking does not result in discernible alteration of protein secondary structure, at least as determined by calorimetric and infrared spectroscopic investigation. In their study, a comparison between formaldehyde-fixed and unfixed bovine serum albumin, ribonuclease A, and hemoglobin revealed that denaturation transitions occurred at 70-90°C temperature range in unfixed purified proteins, whereas thermograms showed no denaturation transitions in heating the formaldehyde-fixed proteins at the same temperature range. One possibility is that the original primary and secondary structures ofprotein are effectively "locked in" by the large aggregates of cross-linking protein formed at the surface of the molecule by formaldehyde fixation.
The availability of an antigen retrieval method applicable to celloidin-embedded human temporal bone sections offers the prospect of reliable immunohistochemical staining of the extensive collections of tissues housed in "temporal bone banks." Immunoelectron microscopic studies may also be possible by using the currently described antigen retrieval procedure in combination with a postembedding method as previously reported (20). Taken together, these methods may provide significant impetus to research in otopathology. 
